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SYSTEM AND METHOD FOR REAL TIME
ASSET LOCATION AND TRACKING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119(e)
from U.S. Provisional Application No. 61/099,977, entitled
“System and Method for Real Time Asset Location and
Tracking,” which was filed on Sep. 25, 2008, the disclosure of
which 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to transponder systems, and
in particular to a system and method for locating and tracking
assets 1n real time using wireless transponders, such as RFID
transponders.

BACKGROUND OF THE INVENTION

The use of radio frequency identification (RFID) systems
1s expanding rapidly 1n a wide range of application areas.
RFID systems consist of a number of radio frequency tags or
transponders (RFID tags) and one or more radio frequency
readers or interrogators (RFID readers). The RFID tags
include one or more tegrated circuit (IC) chips, such as a
complementary metal oxide semiconductor (CMOS) chip,
and an antenna connected thereto for allowing the RFID tag to
communicate with an RFID reader over an air interface by
way of RF signals. In a typical RFID system, one or more
RFID readers query the RFID tags for information stored on
them, which can be, for example, identification numbers, user
written data, or sensed data. RFID systems have thus been
applied in many application areas to track, monitor, and man-
age 1tems as they move between physical locations.

RFID tags can generally be categorized as either passive
tags or active tags. Passive RFID tags do not have an internal
power supply. Instead, the relatively small electrical current
induced in the antenna of a passive RFID tag by the incoming
RF signal from the RID reader provides enough power for the
IC chip or chips 1in the tag to power up and transmit a response.
Most passive RFID tags generate signals by backscattering
the carrier signal sent from the RFID reader. Thus, the
antenna of a passive RFID tag has to be designed to both
collect power from the incoming RF signal and transmit (or
reflect, e.g., backscatter) the outbound backscatter signal.
Due to power limitations, the ability to provide devices such
as sensors or microprocessors on passive RFID tags 1s lim-
ited. Passive RFID tags do, however, have the advantage of a
near unlimited lifetime as they obtain their power from the RF
signal sent from the RFID reader.

Active RFID tags, on the other hand, have their own inter-
nal power source, such as, without limitation, a battery, a fuel
cell or what 1s commonly known as a super capacitor. The
internal power source 1s used to power the IC chip or chips
and discrete circuit elements, which typically include an RF
receiver, an RF transmitter, and some type of controller, such
as microcontroller or other processor, and any other electron-
ics provided on the active RFID tag. As a result, active RFID
tags can include relatively high power devices such as sen-
sors, microprocessors, receivers and transmitters. Also,
because of the on-board power, active RFID tags typically
have longer ranges and larger memories than passive RFID
tags. The internal power source, however, also means that
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active RFID tags typically have a lifetime that 1s limited by
the lifetime of the power source. Thus, periodic maintenance
1s required.

As noted above, multiple RFID tags may be used to track,
monitor, and manage multiple items/assets as they move
between physical locations. In such an application, each
active RFID tag 1s aflixed to an item/asset that 1s located 1n a
particular location or environment, such as in a building. The
term “building” as used herein shall refer to any structure
including, without limitation, a warehouse, a hospital, an
office building, or even a vehicle. In current active RFID
systems, the active RFID tags, when deployed in such a
manner, are done so 1n a state where (1) an RF recetver of the
tag 1s 1n an active state for recerving RF signals, and (11) the
controller 1s 1n a low power 1nactive (sleep) state to preserve
power. When one or more of the active RFID tags are to be
queried, the RFID reader sends out a wake-up signal that 1s
received by the RF receiver of each tag. Upon receipt of the
signal, the RF recerver in each tag will then send a signal to the
controller of the tag that causes 1t to move from the 1nactive
state to an active (wake-up) state. For example, in RFID
systems 1mplemented according to the ISO 18000 Part 7
standard, when one or more tags are to be queried, the reader
will send out a 30 KHz tone lasting for a period of approxi-
mately 2.5 seconds. Upon receipt of the tone, the RF receiver
in each tag will wake-up the controller in the tag. The RFID
reader then sends out signals intended for particular ones of
the tags. Those particular tags for which the signals are
intended will then perform the requested action, and the
remaining tags (1.¢., those tags not currently of interest to the
reader) will move back to a sleep state. In such systems, tags
may also be on continuously not requiring a wake-up signal.

The multiple active RFID tag arrangement just described
presents at least two power management problems. First, each
active RFID tag that i1s deployed is required to have at least
one component, 1.€., an RF receiver, 1n an active, relatively
high power consuming state at all times so thatit can listen for
the wake-up signal (if employed). Second, when the RFID
reader needs to query one or more particular tags, all of the
tags that are deployed are woken up (for example, according
to the ISO 18000, Part 7 standard), 1.e., their controllers are
caused to move to an active, relatively high power consuming
state. Only when a particular tag determines that the query 1n
question 1s not intended for 1t will 1t then move back to the
sleep state. As will be appreciated, these problems result 1n
unnecessary use of power from the power source (e.g., bat-
tery) of each tag, and therefore decrease the lifetime of each
tag.

United States Patent Application Publication No. 2007/
02035873 (referred to herein as the *“’873 publication”), owned
by the assignee hereof and entitled “Methods and Apparatus
for Switching a Transponder to an Active State, and Asset
Management Systems Employing Same,” i1s incorporated
herein by reference and discloses a number of transponder
apparatus embodiments that overcome at least two problems
associated with (1) current active RFID tags, and (2) current
active RFID tag wake-up protocols. The first problem, as
noted above, 1s that in current RFID tags, an active RF receiv-
ing clement must always be awake to anticipate a wake-up
signal for the balance of the tag electronics. The *873 publi-
cation discloses a passive circuit to eliminate the need for an
“always on” active RF receiving element to anticipate a wake-
up signal for the balance of the tag electronics. This solution
allows the entire active RFID tag to have all circuit elements
in a sleep (standby) state, thus drastically extending battery
life or other charge storage device life and thus essentially
climinating shelf maintenance on the active RFID tag. The
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second problem, as also noted above, 1s that 1n current active
RFID tag systems, the electronics of all of the RFID tags 1n a
system are awakened 1n response to wake-up signals even 11
the signal 1s not itended for a particular tag or tags. The
solution disclosed 1n the *873 publication provides a major
energy saving circuit that eliminates the need to wake up all of
the RFID tags in response to each wake-up signal. This circuit
thus reduces total energy consumption of an active RFID tag
system or collection of devices by allowing all non-addressed
tags to remain in a sleep (standby) state, thereby reducing
total system or collection energy. This second circuit can be
used in conjunction with the first passive circuit mentioned
above or 1n conjunction with any existing active RFID tag
systems.

Furthermore, the numerous advances in wireless RF
devices have made possible the determination of location of a
transmitting or reflecting RF device 1n such a way as to make
it possible to determine 1ts geographic location. One such
methodology 1s the Global Positioning System (GPS). How-
ever, GPS does not work satisfactorily inside of buildings.
Other methodologies have been proposed that use the
strength of the signal of the device transmission or reflection
to provide measurement mputs which are then processed to
produce an estimate of device position (e.g., systems that
employ a single collection point and Recerved Signal
Strength Indicator (RSSI) signals used to calculate a distance
from an RF source). The problem with RSSI based systems 1s
that environmental factors may have an adverse etlect on the
required distance calculations (which are usually based on the
Friis equation).

The ’873 publication discloses a novel system for tracking,
a plurality of assets that employs a plurality of transponders as
described above, wherein each of the transponders 1s associ-
ated with a respective one of the assets and stores an 1dentifier
identifying the particular asset with which it 1s associated.
The system includes a central computer system that maintains
a plurality of records relating to the assets. When properly
interrogated by an RF signal that 1s generated at the direction
of the central computer system, each of the transponders
generates and transmits a response signal including the 1den-
tifier identitying the particular asset with which the transpon-
der 1s associated. The system further includes a network with
which the central computer system may communicate, a plu-
rality of wireless access points 1n electronic communication
with the network, and a plurality of interface devices. Each of
the interface devices 1s adapted to (1) wirelessly communicate
with at least one of the wireless access points, (11) receive the
response signal transmitted by a particular one or more of the
transponders, and (111) generate and transmit to the wireless
access points at least one second response signal that includes
cach identifier that was included 1n each response signal
received by the mterface device. Each second response signal
1s transmitted to the central computer system through the
network, which then uses the received second response sig-
nals to update one or more of the records. In particular, the
assets are located within an environment such as one or more
buildings, and each of the interface devices 1s associated with
a particular location within the environment. In addition, each
of the second response signals includes an 1dentification of
the interface device from which 1t was transmitted, and the

central computer system uses the 1dentification included 1n
cach second response signal to update 1n the records a loca-
tion of one or more of the assets. While the system for track-
ing assets described in the *873 publication 1s highly effec-
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tive, there 1s room for further improvement in the area of asset
location measurement and tracking.

SUMMARY OF THE INVENTION

In one embodiment, the invention provides a method of
estimating the current position of a transponder associated
with an asset within a location that includes steps of providing
a plurality of wireless 1nterface devices within the location,
identifying a particular one or more of the wireless interface
devices that have at least received a wireless signal from the
transponder, and determining an estimate of the current posi-
tion based on the identified particular one or more of the
wireless interface devices. The identifying may include 1den-
tifying a particular one or more of said wireless interface
devices that have recerved and recognized as valid a wireless
signal from said transponder. Also, the identifying and deter-
mining steps may include: (1) determining a min-term for the
transponder, the min-term representing a plurality of Boolean
variable values, each of the Boolean variable values being
associated with a respective one of the wireless interface
devices and indicating whether the one of the wireless inter-
face devices has received and/or recerved and recognized as
valid a wireless signal from the transponder, and (11) deter-
mining the estimate of the current position based on the
min-term. Also, the min-term may be one of a plurality of
possible min-terms, wherein the method further includes
associating each of the possible min-terms with a respective
particular position estimate 1n a look-up table, and wherein
the determining the estimate of the current position based on
the min-term includes consulting the look-up table using the
min-term. The method may also further include causing the
wireless interface devices to generate a plurality of wireless
interrogation signals, wherein the wireless signal from the
transponder 1s generated 1n response to receipt of at least one
of the wireless interrogation signals. Alternatively, the wire-
less signal from the transponder may be generated continu-
ously.

In one particular embodiment, the step of determining the
min-term for the transponder includes selectively adjusting,
the wireless receiving sensitivity of the wireless interface
devices. This may 1nclude selectively adjusting the wireless
receiving sensitivity of the wireless interface devices to a
plurality of levels, determining a particular min-term at each
of the levels, and establishing as the min-term the particular
min-term determined at a lowest one of the levels.

In another embodiment, the mvention provides a system
for estimating the current position of an asset within a loca-
tion that includes a transponder associated with the asset, a
plurality of wireless interface devices provided within the
location, and a central computer system 1n electronic com-
munication with the wireless interface devices. The central
computer system 1s adapted to: (1) identify a particular one or
more of the wireless interface devices that have at least
received a wireless signal from the transponder, and (11) deter-
mine an estimate of the current position based on the i1denti-
fied particular one or more of the wireless 1nterface devices.
The identiiying may also include 1dentifying a particular one
or more of the wireless interface devices that have recerved
and recognized as valid the wireless signal from said tran-
sponder. In addition, the central computer system may be
adapted to perform the i1dentilying and determining by: (1)
determining a min-term for the transponder, the min-term
representing a plurality of Boolean variable values, each of
the Boolean variable values being associated with a respec-
tive one of the wireless interface devices and indicating
whether the one of the wireless interface devices has recerved
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and/or received and recognized as valid a wireless signal from
the transponder, and (11) determining the estimate of the cur-
rent position based on the min-term. Also, the min-term may
be one of a plurality of possible min-terms, wherein the
central computer system stores a look-up table that associates
cach of the possible min-terms with a respective particular
position estimate, and wherein the central computer system 1s
adapted to determine the estimate of the current position
based on the min-term by consulting the look-up table using,
the min-term.

In one particular embodiment, the wireless interface
devices has a selectively adjustable wireless receiving sensi-
tivity, and the central computer system i1s further adapted to
determine a min-term for the transponder by performing steps
including selectively adjusting the wireless receiving sensi-
tivity of the wireless interface devices. This may be done by
selectively adjusting the wireless receiving sensitivity of the
wireless interface devices to a plurality of levels, determining,
a particular min-term at each of the levels, and establishing as
the min-term the particular min-term determined at a lowest
one of the levels.

In one particular embodiment, the system further includes
a plurality of wireless access points provided within the loca-
tion, with each of the wireless interface devices being in
clectronic communication with the central computer system
through at least one of the wireless access points. The wireless
access points may, at least 1n part, implement a wireless
network according to the IEEE 802.11 set of standards. Also,
the wireless interface devices may be adapted to wirelessly
communicate with the transponder at a first frequency and
with at least one of the wireless access points at a second
frequency that 1s different than the first frequency.

Alternatively, each of the wireless interface devices may be
in electronic communication with the central computer sys-
tem through a wired connection, such as over existing power
lines.

In one particular embodiment, the location includes a plu-
rality of sub-locations, wherein each of the sub locations
includes a set of the wireless interface devices. In each sub-
location, a particular one of the set of the wireless interface
devices included 1n the sub-location 1s structured to determine
a sub-min-term for the transponder, the sub-min-term for
cach sub-location representing a plurality of Boolean variable
values, wherein each of the Boolean variable values 1s asso-
ciated with a respective one of the wireless interface devices
ol the set of the wireless interface devices included i the
sub-location and indicates whether the one of the wireless
interface devices has at least recerved a wireless signal from
the transponder. The central computer system receives one or
more of the sub-min-terms and determines the estimate of the
current position based on the one or more of the sub-min-
terms. The central computer system may receive all of the
sub-min-terms and determine the estimate of the current posi-
tion based on all of the sub-min-terms, may receive less than
all of the sub-min-terms and determine the estimate of the
current position based on less than all of the sub-min-terms.

In another embodiment, a method of estimating the current
position of a transponder associated with an asset within a
location 1s provided that includes providing a plurality of
wireless interface devices within the location, each of the
wireless interface devices having a selectively adjustable
wireless receiving sensitivity, setting the wireless recerving,
sensitivity of each of the wireless interface devices to a start-
ing level, determining the number of the wireless interface
devices that have received a current wireless signal from the
transponder, and reducing the wireless recerving sensitivity
of each of the wireless interface devices and re-determining
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6

the number of the wireless interface devices that have
received a then current wireless signal from the transponder
one or more times until the number as re-determined i1s the

same as the number just prior to being re-determined. When
the number as re-determined i1s the same as the number just
prior to being re-determined, the method includes identifying
the particular one or more of the wireless interface devices
that have received the then current wireless signal from the
transponder, and determining an estimate of the current posi-

tion based on the identified particular one or more of the
wireless interface devices.

In yet another embodiment, a method of estimating the
current position of a transponder associated with an asset
within a location 1s provided that includes providing a plural-
ity of wireless mterface devices within the location, each of
the wireless interface devices having a selectively adjustable
wireless receiving sensitivity, setting the wireless recerving,
sensitivity of each of the wireless 1nterface devices to a start-
ing level, and determining a min-term for the transponder, the
min-term representing a plurality of Boolean varniable values,
cach of the Boolean variable values being associated with a
respective one of the wireless interface devices and indicating,
whether the one of the wireless interface devices has recerved
a current wireless signal from the transponder. The method
also 1ncludes reducing the wireless recerving sensitivity of
cach of the wireless interface devices and re-determining the
min-term for the transponder based on a then current signal
from the transponder one or more times until a number of the
Boolean variable values in the min-term having a first value
does not change. When the number of the Boolean variable
values i the min-term having a first value does not change, an
estimate of the current position 1s determined based on the
then current min-term or on the min-term determined 1mme-
diately prior to the min-term determined just before the then
current min-term.

In still another embodiment, a method of estimating the
current position of a transponder associated with an asset
within a location 1s provided that includes providing a plural-
ity of wireless mterface devices within the location, each of
the wireless interface devices having a selectively adjustable
wireless recerving sensitivity, setting the wireless recetving
sensitivity of each of the wireless interface devices to a start-
ing level, and determining the number of the wireless inter-
face devices that have recerved a first wireless signal from the
transponder. If the number of the wireless interface devices
that have received the first wireless signal from the transpon-
der 1s less than or equal to a predetermined amount, the
method mncludes 1dentifying the particular one or more of the
wireless interface devices that have recerved the first wireless
signal from the transponder and determining an estimate of
the current position based on the identified particular one or
more of the wireless interface devices that have recerved the
first wireless signal from the transponder. If the number of the
wireless interface devices that have recetved the first wireless
signal from the transponder 1s not less than or equal to the
predetermined amount, the method includes reducing the
wireless recerving sensitivity of each of the wireless interface
devices and determining a number of the wireless interface
devices that have received a then current wireless signal from
the transponder one or more times until the number of the
wireless interface devices that have received the then current
wireless signal from the transponder 1s less than or equal to
the predetermined amount and thereafter identitying the par-
ticular one or more of the wireless interface devices that have
received the then current wireless signal from the transponder
and determining an estimate of the current position based on
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the 1dentified particular one or more of the wireless interface
devices that have receiwved the then current wireless signal

from the transponder.

In another alternative embodiment, a method of estimating,
the current position of a transponder associated with an asset
within a location 1s provided that includes providing a plural-
ity of wireless interface devices within the location, each of
the wireless interface devices having a selectively adjustable
wireless receiving sensitivity, setting the wireless recerving,
sensitivity of each of the wireless interface devices to a start-
ing level, determining a first min-term for the transponder, the
first min-term representing a plurality of Boolean variable
values, each of the Boolean variable values being associated
with a respective one of the wireless interface devices and
indicating whether the one of the wireless interface devices
has received a first wireless signal from the transponder, and
determining the number of the wireless interface devices that
have received the first wireless signal from the transponder
based on the first min-term. If the number of the wireless
interface devices that have received the first wireless signal
from the transponder 1s less than or equal to a predetermined
amount, the method includes determining an estimate of the
current position based on the first min-term. If the number of
the wireless interface devices that have received the first
wireless signal from the transponder 1s not less than or equal
to the predetermined amount, the method includes reducing
the wireless recerving sensitivity of each of the wireless inter-
face devices and determining a then current min-term for the
transponder based on a then current signal from the transpon-
der one or more times until 1t 1s determined that the number of
the wireless interface devices that have recerved the then
current signal from the transponder 1s less than or equal to a
predetermined amount, and thereafter determining an esti-
mate of the current position based on the then current min-
term or on the min-term determined immediately prior to the
min-term determined just before the then current min-term.

In another embodiment, an interface device for communi-
cating with both an RF emitting device and a computer sys-
tem located remotely from the interface device 1s provided.
The 1nterface device includes a processing unit, a wireless
communications apparatus operatively coupled to the pro-
cessing unit, the wireless communications apparatus
enabling wireless communications with the RF emitting
device and the computer system, a power interface structured
to be coupled to AC power lines for providing primary AC
power to the interface device from the AC power lines, and an
energy storage device for providing back-up power to the
interface device when the primary AC power from the AC
power lines 1s not available. The processing unit i1s pro-
grammed to cause the mtertace device to communicate with
the computer system wirelessly using the wireless communi-
cations apparatus when the interface device 1s receiving the
primary AC power from the AC power lines, and the process-
ing unit 1s programmed to cause the interface device to com-
municate with the computer system over the AC power lines
when the primary AC power from the AC power lines 1s not
available. Also, a communication system that includes an RF
emitting device, a computer system, and an interface device
as just described that is located remotely from the computer
system.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate presently preferred
embodiments of the imnvention, and together with the general
description given above and the detailed description given
below, serve to explain the principles of the invention. As
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shown throughout the drawings, like reference numerals des-
ignate like or corresponding parts.

FIGS. 1-3 and 5-7 are block diagrams of various prior art
active RF transponder embodiments that may be employed in
the system of the present invention;

FIG. 4 1s a schematic illustration of a code that may be
required to awaken the prior art transponder shown in FIG. 3;

FIG. 8 1s a schematic diagram of an asset locating and
tracking system according to one embodiment of the present
imnvention;

FIG. 9 1s a block diagram of an embodiment of an interface
device forming a part of the system shown 1n FIG. 8; and

FIGS. 10 and 11 are flowcharts showing different methods
for determining the location of an asset according to different
embodiments of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present mvention provides systems and methods for
locating and tracking assets within a location 1n real time
using wireless transponders that are associated with the
assets. FI1G. 11s a block diagram of one embodiment of a prior
art RF transponder 5 described in the *873 publication 1den-
tified elsewhere heremn. The RF transponder 3 1s one exem-
plary type of wireless transponder that may be employed in
the real time asset locating and tracking system and method
embodiments of the present invention that are described 1n
detail herein. The RF transponder S includes a burst switch
10, which 1s described in more detail 1n connection with FIG.
2. The burst switch 10 1s 1n electronic communication with a
processing unit 15, which may be, without limitation, a
microprocessor, a microcontroller, or some other type of pro-
cessor device. The processing unit 15 may further be another
type of electronic device, such as a CMOS device or any other
clectronic circuit element provided on, for example, a semi-
conductor substrate or printed circuit board (PCB), which
performs a particular function or functions. The processing
unit 15 1s capable of being placed into an mactive, sleep state
where the current drawn by 1t 1s at a minimum. In addition, the
processing unit 15 may be woken up, 1.¢., moved from the
iactive, sleep state to an active state, upon receipt of an
external input signal as 1n FIG. 4. An RF transmitter 20 1s 1n
clectronic communication with the processing unit 15. The
RF transmitter 20 may be a separate transmitter component,
or may be part of a transcerver component that 1s capable of
both transmitting and recerving RF signals. The RF transmut-
ter 20 1s, in response to commands received from the process-
ing unit 135, able to transmit RF signals through an antenna 25
connected thereto. Like the processing unit 15, the RF trans-
mitter 20 1s capable of being placed into an inactive, sleep
state where the current drawn by 1t 1s at a minimum, and can
be woken up by receipt of an external input signal provided by
the processing unit 15. The RF transponder 5 also includes a
battery 30 which provides the power required for the opera-
tion of the processing unit 15 and the transmitter 20. The
battery 30 may alternatively be replaced by another power
source, such as, without limitation, a fuel cell or a super
capacitor.

FIG. 2 1s a schematic diagram of the burst switch 10. The
burst switch 10 includes an antenna 35, which, 1n the embodi-
ment shown 1 FIG. 2, 1s a square spiral antenna. The antenna
35 is electrically connected to a matching network 40, which
in turn 1s electrically connected to a voltage boosting and
rectifying circuit preferably 1n the form of a charge pump 45.
Charge pumps are well known 1n the art. Basically, one stage
ol a charge pump increases the effective potential of an AC
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input voltage and stores the resulting increased DC voltage on
an output capacitor. The voltage could also be stored using a
rechargeable battery. Successive stages of a charge pump, 1
present, will essentially increase the voltage from the previ-
ous stage resulting in an increased output voltage. The match-
ing network 40 matches the mput impedance of the charge
pump 45 to the impedance of the antenna 35 for optimal
performance of the antenna 35 and optimal charge pump 45
output voltage. In one particular embodiment, the matching
network 40 1s an LC tank circuit formed by, for example, the
inherent distributed i1nductance and inherent distributed
capacitance of the conducing elements of the antenna 35. The
antenna 35 1s tuned to receive RF signals having a particular
frequency, frequencies or range of frequencies. The RF sig-
nals that are received by the antenna 35 are provided, in the
form of an AC signal, to the charge pump 45 through the
matching network 40. The charge pump 45 essentially ampli-
fies and rectifies the recerved AC energy signal and outputs
the resulting DC signal. These operations are performed with-
out requiring the consumption of power from the battery 30 or
any other power source within or connected (physically) to
the RF transponder 5.

Referring again to FIG. 1, 1n operation, the RF transponder
5 1s deployed 1n a state wherein the processing unit 135 and the
transmitter 20 are in the inactive, sleep state. As such, the
draw on the battery 30 will be at a minimum. When 1t 1s
desired to “wake-up” the RF transponder 5, an RF signal of an
appropriate frequency 1s transmitted to the RF transponder 5
by, for example, an RFID reader or other suitable device (such
as the interface devices described elsewhere herein). The RF
signal 1s received by the burst switch 10, and as described
above, the RF signal 1s used to produce a DC signal. The DC
signal that 1s produced is provided to the sleep mput (pin) of
the processing unit 15, which causes the processing unit 15 to
move from the mactive, sleep state to 1ts active state. In the
active state, the processing unit 15 1s able to perform any
action that 1s required, such as waking up the RF transmuitter
20 and causing 1t to transmit a signal that contains information
such as an identifier for the RF transponder 5. When fimished
(or after some predetermined period of time), the processing
unit 15 can return to an inactive, sleep state until subsequently
woken up as described herein. As will be appreciated, the
burst switch 10 as shown in FIG. 2 1s designed to produce a
DC signal of an appropriate level for input into the sleep input
of the processing unit 15 through appropnate selection of the
parameters of the antenna 25, the matching network 40 and/or
the charge pump 45.

A shortcoming of the particular RF transponder 5 shown in
FIG. 1 1s that spurious RF energy (noise) received by the burst
switch 10 could inadvertently cause the processing unit 15 to
move to the active state, thereby consuming power when not
needed. Also, if a number of similar RF transponders 5 (1.e.,
similar meaning the antenna 33 of each 1s tuned to the same
frequency or frequency range) are deployed together, an RF
signal that 1s transmitted by a reader will activate all of the RF
transponders 5, even i1f they are not all currently of interest to
the reader. In other words, there 1s no way to selectively
activate one or more of them without also activating the
remaining ones of them.

FIG. 3 1s a block diagram of an alternative prior art RF
transponder 350 described 1 the 873 publication that
addresses the shortcomings of the simple RF transponder 3
shown 1 FIG. 1. The RF transponder 50 may also be
employed in the real time asset locating and tracking system
and method embodiments of the present invention that are
described in detail herein as an alternative to the RF transpon-
der 5. As seen 1n FIG. 3, the RF transponder 50 1s similar to the
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RF transponder 5 in that 1t includes a burst switch 10, a
processing unit 15, an RF transmitter 20 connected to an
antenna 23, and a battery 30. However, the RF transponder 50
turther includes a low power filtering circuit 35. Specifically,
as shown 1n FIG. 3, the DC output of the burst switch 10 1s
provided to the filtering circuit 55, and the output of the
filtering circuit 55 1s provided to the sleep mput of the pro-
cessing unit 15. The function of the filtering circuit 55 1s
twotold. First, the filtering circuit 55 prevents spurious RF
energy (noise) from inadvertently causing the processing unit
15 to move from an 1nactive, sleep state to an active state.
Second, the filtering circuit 55 provides a mechanism by
which the particular RF transponder 50 in which the filtering
circuit 55 1s included can be selectively woken up, 1.e., have
its processing unit 135 selectively moved to an active state. The
filtering circuit 55 performs these functions by causing a
wake-up signal to be sent to the sleep input of the processing
unit 15 only 1f a particular sequence or pattern (1.¢., format) of
RF signals 1s recetved by the burst switch 10.

In the preferred embodiment, the filtering circuit 35 1s a
state machine that will generate a wake-up signal only 1f a
particular pre-set “code” 1s received from the burst switch 10,
wherein the code 1s a particular sequence of a certain number
of voltage “bursts” (1.e., voltage signals of a certain (although
possibly varying) length or duration; 1n this case, the bursts
are DC signals, but bursts as used herein may also refer to RF
signals of a certain (although possibly varying) length or
duration) from the burst switch 10 each having a particular
length expressed as a multiple of some pre-set unit of time,
such as 1 millisecond. FIG. 4 shows an example of a 4 element
code that may be required to be output by the burst switch 10
and received by the filtering circuit 35 1n order for the filtering
circuit 35 to generate a wake-up signal for waking up the
processing unit 15. In the example of FIG. 4, the code that
must be received 1s a 4 burst code consisting of a burst of
length 5 (e.g., S milliseconds), followed by a burst of length 2
(e.g., 2 milliseconds), followed by a burst of length 4 (e.g., 4
milliseconds), followed by a burst of length 6 (e.g., 6 milli-
seconds). In effect, the code 1s 5 2 4 6. As will be appreciated,
the code scheme of FIG. 4 1s meant to be exemplary only, and
any number of bursts ol any possible length and any base
length unit of time may be used for a particular code.

In operation, the filtering circuit 55 will count (possibly on
a dedicated counter) the number of separate bursts recerved
and the length of each burst (the length of each burst may be
stored 1n a register or any suitable memory). When the count
reaches the pre-set number, e.g., 4, the registers (or memory)
are checked for the proper code (i.e., has the proper sequence
of burst lengths been received?). If the code 1s determined to
be correct, the filtering circuit 35 will generate a wake-up
signal for the processing unit 15. As will be appreciated, the
required code may be generated by an RFID reader or other
suitable device (such as the mterface devices described else-
where herein) by generating a sequence of an appropriate
number of RF bursts wherein each RF burst 1s of a particular
time duration. As described 1n connection with FIG. 2, each
such RF burst will result 1n a corresponding DC voltage (DC
burst) being output by the burst switch 10 having a length
equal to the length of the RF burst. Thus, 1n order to generate
the 5 2 4 6 code described above, an RF reader or other
suitable device must output an RF burst having a length of 3
(e.g., Smilliseconds), followed by an RF burst having a length
of 2 (e.g., 2 milliseconds), followed by an RF burst having a
length of 4 (e.g., 4 milliseconds), followed by an RF burst
having a length of 6 (e.g., 6 milliseconds).

The filtering circuit 535 thus solves the noise problem by
requiring a particular sequence of RF bursts before the pro-
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cessing umt 15 1s awakened. The filtering circuit 35 also
allows a number of RF transponders 30 to be deployed and
selectively and independently awakened. In particular, each
transponder 50 (or set of transponders 30 to be grouped and
awakened together) that 1s deployed at a location can be
provided with a unique code. In order for an RFID reader to
wake up a particular transponder 50 (or set of grouped tran-
sponders 50), the RFID reader will need to generate the
appropriate RF bursts. As an alternative, any particular RF
transponder 30 may be provided with more than one code that
would enable it to be awakened, wherein one code may be
used to awaken the RF transponder 50 individually, and
another code may be used to awaken 1t as part of a group of
particular transponders 50.

As seen 1n FIG. 3, the filtering circuit 55 1s connected to the
battery 30 for power purposes. Preferably, the filtering circuit
53 1s a device or component that may enter a low power sleep
state. The filtering device 35 will remain 1n a sleep state until
a burst 1s received, at which time 1t will move to an active state
(the burst 1s the wake-up signal), count the burst, measure its
duration, and return to sleep until the next burst 1s recerved. As
a result, minimal power 1s consumed by the filtering circuit
55. As will be appreciated, the filtering circuit 55 thus may be
any low power electronic device that can be turned on for a
short period of time, increment a counter, measure a burst
length, and then go back to sleep.

FIG. 5 1s a block diagram of an alternative prior art RF
transponder 60 described 1n the *873 publication that includes
an alternate arrangement for addressing the shortcomings of
the simple RF transponder 5 shown in FIG. 1, 1.e., the noise
problem and the inability to discriminate among multiple
transponders. The RF transponder 60 may also be employed
in the real time asset locating and tracking system and method
embodiments of the present invention that are described 1n
detail herein as an alternative to the RF transponder 5. As seen
in FIG. 5, the RF transponder 60 1s similar to the RF tran-
sponder 3 1n that i1t includes a processing unit 15, an RF

transmitter 20 connected to an antenna 25, and a battery 30.
However, the RF transponder 60 includes multiple burst
switches 10A, 10B, 10C, and 10D wherein the antenna 35 of
each burst switch 10A, 10B, 10C, 10D 1s tuned to a different
frequency or range of frequencies (although only four burst
switches 10 are shown, more or less than four may be
employed to suit the particular needs of the application 1n
question without departing from the scope of the present
invention). In addition, as represented by passive logic com-
bination 65, the burst switches 10A, 10B, 10C, 10D are topo-
logically interconnected 1n a manner that implements a
selected logical combination, such as an AND, an OR, or any
other logic operation or combination of operations. It will be
appreciated that each burst switch 10A, 108, 10C, 10D will
only output a DC signal 1f it recerves an RF signal of the
appropriate frequency (each referred to as a “burst switch
frequency” for convenience). Thus, the passive logic combi-
nation 65 can be chosen to only provide a wake-up signal to
the processing unit 15 1f a particular combination of the burst
switch frequencies 1s recerved. For example, the passive logic
combination 65 could be implemented as an AND such that
all of the burst switch frequencies must be recerved for a
wake-up signal to be sent to the processing unit 15. Alterna-
tively, the passive logic combination 635 could be mmple-
mented with a series of ANDs and ORs such that any two, or
any three of the burst switch frequencies or a particular two or
a particular three of the burst switch frequencies must be
received for a wake-up signal to be sent to the processing unit
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Thus, because particular burst switch frequencies must be
received to wake-up the processing unit 15, the arrangement
shown 1 FIG. 5 prevents spurious RF energy (noise) from
inadvertently causing the processing unit 15 to move from an
inactive state to an active state. In addition, the arrangement
shown 1n FI1G. 5 may also be used to provide a mechanism by
which the particular RF transponder 60 in which 1t 1s included
can be selectively woken up, 1.e., have 1ts processing unit 15
selectively moved to an active state. Specifically, a number of
transponders 60 may be deployed with different burst switch
frequencies and/or different passive logic combinations 65
such that an RFID reader can generate appropriate RF signals
to selectively wake-up certain ones of the RF transponders 60.
For example, one RF transponder 60 could be deployed
wherein all of the burst switch frequencies are required to
wake 1t up, another RF transponder 60 could be deployed
wherein a particular two of the burst switch frequencies are
required to wake 1t up, another RF transponder 60 could be
deployed wherein a different particular two of the burst
switch frequencies are required to wake it up, another RF
transponder 60 could be deployed wherein a particular three
of the burst switch frequencies are required to wake 1t up, and
SO On.

In an alternative embodiment of the RF transponder 60,
instead of providing the passive logic combination 63, the
burst switches 10A, 10B, 10C, and 10D could be combined
and biased with respect to one another such that the burst
frequencies must be received in a particular pre-set order for
a wake-up signal to be sent to the processing unit 15. In such
an arrangement, each burst switch 10 following a first one of
the burst switches 10 would require the preceding burst
switch 10 to be energized before it would be capable of
outputting a DC signal. In this sense, the arrangement of burst
switches 10A, 10B, 10C, 10D functions like an electronic
combinational lock, and as such 1s able to prevent noise from
inadvertently waking up the processing unit 135 and is able to
allow the RF transponder 60 in which 1t 1s implemented to be
selectively woken-up.

FIG. 6 1s a block diagram of yet another alternative prior art
RF transponder §' described in the *873 publication that i1s
similar to RF transponder 5 shown 1n FIG. 1 except that it
further includes an RF recerver 70 connected to an antenna
75. The RF transponder 5' may also be employed in the real
time asset locating and tracking system and method embodi-
ments of the present mvention that are described 1n detail
herein as an alternative to the RF transponder 5. The RF
receiver 70 may be caused to move from an inactive, sleep
state to an active state by the burst switch 10 1n order to allow
for further communication with the processing unit 15 via the
RF recerver 70. The communications may be according to an
established standard, such as the ISO 18000 Part 7 standard.
Similarly, FIG. 7 1s a block diagram of a further alternative
prior art RF transponder 50' described 1n the *873 publication
that 1s similar to RF transponder 50 shown in FIG. 3 except
that 1t also further includes an RF recetver 70 connected to an
antenna 75. The RF transponder 50' may also be employed 1n
the real time asset locating and tracking system and method
embodiments of the present invention that are described 1n
detail herein as an alternative to the RF transponder 5. The RF
receiver 70 1 this embodiment may be caused to move from
an mactive, sleep state to an active state by the burst switch 10
and filtering circuit 55 1n the manner described elsewhere
herein 1n order to allow for further communication with the
processing unit 15 of the RF transponder 50' via the RF

receiver 70. Again, the communications may be according to
an established standard, such as the ISO 18000 Part 7 stan-

dard.
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FIG. 8 1s a schematic diagram of an asset locating and
tracking system 100 according to one embodiment of the
present invention. The system 100 enables centralized,
remote location tracking of a number of assets 110 within a
particular location or environment 105 having a number of
sub-locations 115, such as individual rooms, therein. In the
example embodiment shown 1n FIG. 8, the particular location
or environment 105 includes four sub-locations 115, labeled
115A, 1158, 115C and 115D. The particular location or envi-
ronment 105 may be, for example and without limitation, a
building. The term “building’ as used herein shall refer to any
structure including, without limitation, a warehouse, a hospi-
tal, an office building, or even a vehicle. For ease of descrip-
tion purposes only, a single asset 110 1s shown in FIG. 8,
although 1t will be appreciated that multiple assets 110 are
contemplated.

The assets 110 being tracked may be any type of physical
item, including both movable 1tems and items that are perma-
nently or temporarily fixed 1n place, and both 1nanimate and
ammate (humans and animals) objects. For example, 1 a
hospital application, the assets may be various types of
medial equipment, such as, without limitation, a crash cart, an
EKG machine, a wheel chair, a gurney, an oxygen dispenser,
a stalfl member, or a patient. As another example, the assets
may be first responder personnel, such as firefighters or police
olficers, and the particular location or environment 105 may
be a building experiencing an emergency situation such as a
fire or a crime (e.g., a school where a shooting has occurred).
Each of the assets 110 has a transponder 120 physically
associated therewith, preferably by physically attaching the
transponder 120 to the asset 110. Each transponder 120 1s
preferably any of the RF transponder embodiments described
herein, such as the RF transponder 5, the RF transponder 5',
the RF transponder 50, the RF transponder 50' or the RF
transponder 60. The RF transponders 120 may also be an RF
transponder as described U.S. Pat. No. 7,375,637 entitled
“Method and Device for Reducing Power Consumption of
Active RFID Tags” and owned by the assignee hereof, the
disclosure of which 1s incorporated herein by reference. The
RF transponders 120 may also be any other type of known or
later developed device that 1s able to communicate with the
interface devices 140 described elsewhere herein, and thus
may not require a burst switch as described 1n connection with
FIGS. 1 through 7. Further, each RF transponder 120 1s pret-
erably provided with an 1dentifier that uniquely 1dentifies 1t.

The system 100 further includes a central computer system
125 that 1s connected to a main network 130. The central
computer system 125 may include, without limitation, a PC
or another suitable computing device or devices that 1s pro-
vided with one or more software applications for implement-
ing the system described herein. As seen 1n FI1G. 8, the system
100 also includes a number of wireless access points 1335. In
the embodiment shown 1n FIG. 8, each sub-location 115A,
1158, 115C and 115D 1s provided with a respective wireless
access point 135A, 135B, 135C, 135D. Each of the wireless
access points 135 1s in electronic communication, preferably
wired communication, with the main network 130. Each
wireless access point 135 1s capable ol recerving a signal from
the main network 130, and thus from the central computer
system 1235, and wirelessly transmitting that signal within a
particular defined area. In addition, each wireless access point
135 15 capable of recerving wireless signals from within 1ts
particular defined area and transmitting those signals to the
main network 130, and thus to the central computer system
125. The main network 130 and wireless access points 135
thus form a wireless network for the location 105. In the
preferred embodiment, the wireless network for the location
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105 1s a WiF1 network that 1s implemented according to the
IEEE 802.11 family of standards. Alternatively, the wireless
network for the location 105 that includes the wireless access
points 135 could be established according to any other suit-
able standard or protocol, including, without limitation, the
X10 standard which allows communication over the existing
115 VAC power lines. Furthermore, the X10 protocol could
be implemented as a back-up network to be used 1n the event
that the main network, e.g., an IEEE 802.11 network, fails.

The system 100 also further includes a number of interface
devices 140 that are positioned throughout the location 105
within the sub-locations 115. Each interface device 140 1s
preferably either plugged into a wall socket within one of the
sub-locations 115 or otherwise permanently or semi-perma-
nently mounted within one of the sub-locations 115. In addi-
tion, each interface device 140 1s located within the range of
at least one of the wireless access points 135. In the example
embodiment shown 1n FIG. 8, each sub-location 115A, 115B,
115C, and 115D 1ncludes four interface devices 140, labeled
140-1, 140-2, 140-3 and 140-4 for ease of 1dentification.

As described 1n greater detail below, each interface device
140 1s capable of receiving wireless (e.g., RF) signals from
and transmitting wireless (e.g., RF) signals to the associated
wireless access point 135 according to the appropriate proto-
col. In addition, each interface device 140 1s capable of trans-
mitting wireless (e.g., RF) signals to the transponders 120
(again, for convenience and not to be limiting, only one tran-
sponder 120 1s shown) that are 1n proximity thereto and
receiving wireless (e.g., RF) signals from those transponders
120. Thus, the interfaces devices 140 are wireless interface
devices. For example, based upon control signals recerved
from the central computer system 125 through the main net-
work 130 and the appropriate wireless access point 135, each
interface device 140 1s capable of transmitting one or more
wireless (e.g., RF) signals which may be received by the burst
switch 10 of any transponder 120 within range thereof (1n the
manner or manners described elsewhere herein 1n connection
with the embodiments of the RF transponder 5, the RF tran-
sponder §', the RF transponder 50, the RF transponder 50' and
the RF transponder 60) for purposes of causing the processing
unit 15 of the transponder 120 to move to an active state. In
addition, as described 1n detail elsewhere herein, each inter-
face device 140 1s capable of receiving response signals from
one or more transponders 120 after they have been awakened
based on the location of the transponder 120 (in particular
based on the proximity of the transponder to the interface
device 140) and the RF receiving sensitivity of the interface
device 140. In this respect, the interface devices 140 function
like RFID readers or interrogators. Further, each interface
device 140 may be provided with an 1dentifier that uniquely
identifies it.

FIG. 9 1s a block diagram of one particular embodiment of
the interface device 140 shown 1n FIG. 8. The interface device
140 1includes a processing unit 145, which may include, with-
out limitation, a microprocessor, a microcontroller, or some
other type of processor device, and may further include a
memory for storing one or more programs for controlling the
operation of the interface device 140. The processing unit 145
1s electrically connected to a power interface 150 which pro-
vides power thereto. The power interface 150 1s adapted to be
coupled to an AC source, such as a wall outlet, 1n order to
receive an AC voltage. The power interface 150 converts the
AC voltage mto a DC signal that 1s suitable for use by the
processing unit 145. Alternatively, power may be provided
through a battery pack 165 (preferably rechargeable), or some
other suitable energy storage device such as a fuel cell or a
supercapacitor, that 1s provided as part of each interface
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device 140. Such a battery pack 165 may also be used 1n
combination with the power interface 150 and the AC source
to act as a back-up in the event that the AC source becomes
unavailable (which 1s often the case in emergency situations).
A wireless network transcerver 155 1s provided in electronic
communication with the processing unit 145. The wireless
network transceiver 155 1s, under the programmed control of
the processing unit 145, adapted to receive wireless (e.g., RF)
signals from and transmit wireless (e.g., RF) signals to one or
more wireless access point 135 according to the appropnate
protocol, such an 802.11 protocol, using an appropriate ire-
quency, such as 2.45 GHz. In addition, a transponder trans-
ceiver 160 1s provided in electronic communication with the
processing unit 145 for enabling the processing unit 145 to
transmit appropriate wireless (e.g., RF) signals through the
transponder transceiver 160 for possible receipt by one or
more of the transponders 120 and to recerve appropriate wire-
less response signals therefrom. A separate transmitter and
receiver may be used 1n place of the transponder transceiver
160 to together function as a wireless communications
device. Thus, as will be appreciated, each interface device
140 functions as an interface between the two communica-
tions systems, 1.¢., the wireless network implemented by the
wireless access points 135 and the wireless communications
links to the transponders 120. In an alternative embodiment,
a separate (dedicated) transmitter may be provided in each
interface device 140 for sending the required signals for pos-
sible receipt by the burst switch 10 of the transponders 120,
and the transponder transceiver 160 may be used for other
communication with the transponders 120. In the preferred
embodiment, the wireless communications between the inter-
face devices 140 and the wireless access points 1335 will be at
a Trequency (preferably an ISM frequency) that 1s different
than the wireless communications that take place between the
interface devices 140 and the transponders 120 as described
herein. For example, the wireless communications between
the interface devices 140 and the wireless access points 135
may take place at frequencies specified i the IEEE 802.11
protocol (e.g., 2.45 GHz), and the wireless communications
that take place between the interface devices 140 and the
transponders 120 may take place at 433 MHz. In addition,
both the wireless network transcetver 155 and the transponder
transceiver 160 are preferably adapted to wirelessly commu-
nicate using multiple different frequencies and/or multiple
different protocols.

Furthermore, the interface device 140 and the power inter-
tace 150 thereof are structured to enable the interface device
140 to selectively communicate with the main network 130
and/or the central computer system 1235 over the existing
power lines using the X 10 or some other suitable standard or
protocol. As described elsewhere herein, the interface device
140 1s adapted to (the processing unit 145 1s programmed to)
communicate with the main network 130 and/or the central
computer system 125 over the existing power lines 1n situa-
tions where AC power 1s not available (due to an intentional
shut off or a failure). In such situations, power will be pro-
vided to the interface device 140 through the battery pack
165.

In addition, according to one particular embodiment that 1s
described elsewhere herein, the wireless (e.g., RF) receiving
sensitivity of the transponder transceiver 160 1s able to be
selectively adjusted by the processing unit 145 based on
either a manual (preferably local) mput into the interface
device 140 or on a signal received from the central computer
system 123 through the wireless network transceiver 155. As
a result, the minimum power level of a wireless signal that
may actually be received by each interface device 140 1n the
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system 100 can be selectively adjusted. As will be appreci-
ated, this minimum level will, based on the transmitting
power ol the transponders 120, determine how close a par-
ticular transponder 120 must be to the interface device 140 1n
order for a signal from the transponder 120 to be recerved by
the interface device 140. The significance of this feature wall
be described in greater detail elsewhere herein.

According to an aspect of the present invention, the system
100 1s able to determine a best estimate of the position of
particular transponders 120 within the location 103 using a
methodology where each interface device 140 1n the system
100 maintains a YES/NO Boolean variable for each transpon-
der 120 of the system 100 representing whether or not the
particular interface 140 1s receiving a wireless (e.g., RF)
transmission from the transponder 120 (e.g., YES means that
the particular interface 140 1s currently recerving a wireless
(e.g., RF) transmission from the transponder 120 1n question
and NO means that the particular interface 140 1s not cur-
rently receiving a wireless (e.g., RF) transmission from the
transponder 120 1n question). Preferably, the Boolean vari-
ables are maintained as binary values where a 1 represents a
YES and a Orepresents a NO. In addition, the current Boolean
variable values stored by each interface device 140 are able to
be transmuitted to the central computer system 125 though the
wireless access points 135 and the main network 130. In one
particular embodiment, the YES or NO status of the Boolean
variable for each transponder 120 of the system 100 also
depends on whether the interface device 140 recognizes as
valid the signal received from the particular transponder 120.
In one specific, non limiting embodiment, each particular
transponder 120 may be adapted to transmuit, along with its
identifier, a particular, predetermined data frame, wherein an
interface device 140 will recognize as valid the signal
received from the transponder 120 and store a YES Boolean
variable for the transponder 120 only 11 the proper predeter-
mined data frame 1s recerved. Other methods for determining
validity of the received signal are also possible.

As described in greater detail below, the Boolean variable
values recerved from each interface device 140 for each tran-
sponder 120 are used by the central computer system 125 to
determine the best estimate of the position of each transpon-
der 120 (and thus the associated asset 110) within the location
105. In particular, the complete set of Boolean variable values
maintained by the interface devices 140 (in a particular pre-
set sequence) for each transponder 120 (and thus for each
asset 110) in the system 120 1s referred to herein 1n the present
embodiment as a “min-term” (i.e., the min-term for each
transponder 120 will be a series of 1s and Os representing the
current Boolean values for that transponder 120). As will be
appreciated, for a predetermined number n of interface
devices 140, there will be 2" possible min-term values for
cach transponder 120 1n the system 100. Before any actual
asset tracking 1s done by the system 100, each possible min-
term value (1.e., each series of 1s and Os) 1s associated with a
particular estimated position within the location 105 1 a
look-up table, so that when a current min-term for a particular
transponder 120 1s determined, the estimated position can be
determined 1n real time by consulting the look-up table. In
other words, the position relative to each of the possible
min-term values can be pre-determined (pre-calculated)
offline and stored in a table so as to make the real time
determination of position based on actual determined min-
term values a simple table look-up.

By way of example, consider the exemplary embodiment
of the system 100 shown in FIG. 8. That system has four
sub-locations 115A, 1158, 115C and 115D with a total of

sixteen 1nterface devices 140 (each sub-location 1135 has
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interface devices 140-1,140-2, 140-3 and 140-4). In addition,
each sub-location 115A, 1158, 115C and 115D has an asso-
ciated wireless access point 135 (labeled 135A, 1358, 135C
and 135D). In the exemplary system 100 shown 1n FIG. 8, for
cach transponder 120 (and thus each asset 110) there are
sixteen Boolean variables (one for each of the sixteen inter-
tace devices 140), all of which will have a value of either
TRUE (1) or FALSE (0), and thus the min-term for each
transponder 120 will have 2'° (65,536) possible values. For
instance, depending on the receiving sensitivity of each inter-
face device 140 and the transmitting power of each transpon-
der 120 when mterrogated, the min-term of the transponder
120 in the position shown 1 FIG. 8 may be
1000000000110100, where the Boolean variable values for
the transponder 120 1n each of the interface devices 140 are as
follows: A140-1=1, A140-2=0, A140-3=0, A140-4=0, B140-
1=0, B140-2=0, B140-3=0, B140-4=0, C140-1=0, C140-
2=0, C140-3=1, C140-4=1, D140-1=0, D140-2=1, D140-
3=0, D140-4=0. Alternatively, with diflerent settings for the
receiving sensitivity of each interface device 140 and/or the
transmitting power of each transponder 120, the min-term of
the transponder 120 1n the position shown in FIG. 8 may be
0000000000110000, where the Boolean variable values in
each of the interface devices 140 are as follows: A140-1=0,
A140-2=0, A140-3=0, A140-4=0, B140-1=0, B140-2=0,
B140-3=0, B140-4=0, C140-1=0, C140-2=0, C140-3=1,
C140-4=1, D140-1=0, D140-2=0, D140-3=0, D140-4=0. As
described elsewhere herein, the Boolean variable values will
be transmitted to the central computer system 125, and the
central computer system 125 will then build the actual min-
term based thereon and consult the stored look-up table to
determine the estimated position that has been previously
associated with the min-term that was generated.

In one particular embodiment, the central computer system
125 stores one or more files, such as, without limitation, one
or more files 1n a database, that include for each asset 110/
transponder 120 a unique identifier for the asset 110/tran-
sponder 120 and a history of position estimates for the asset
110/transponder 120. The unique 1dentifier may be, without
limitation, a serial number, and 1s stored 1n a memory of each
transponder 120 (the memory may be part of the processing,
unit 15 thereot or be separate from but in electronic commu-
nication with the processing unit 13 thereot). In this embodi-
ment, the Boolean variable values stored by each interface
device 140 and ultimately the resulting min-term and the
position estimate determined by the central computer system
125 may be updated as follows. First, the central computer
system 125 periodically or on demand generates an asset
interrogation signal. The asset interrogation signal 1s sent to
the main network 130 and then to each wireless access point
135. Each wireless access point 135 then wirelessly transmits
the asset interrogation signal according to the approprate
protocol, such as the IEEE 802.11 protocol. The wirelessly
transmitted asset interrogation signal 1s received by each
interface device 140 that 1s within the range of each wireless
access point 135. In response to receipt of the asset interro-
gation signal, each interface device 140 generates a second
RF interrogation signal having a frequency that will be picked
up by the antenna 35 of the burst switch 10 of each transpon-
der 120 that 1s within range. As described elsewhere herein, 1n
the preferred embodiment, when the burst switch 10 of any
transponder 120 receives the second RF interrogation signal,
a DC si1gnal 1s generated that causes the processing unit 15 of
the transponder 120 to move to an active state. Each such
processing unit 15 1s adapted to then cause an RF interroga-
tion response signal of an appropnate frequency (e.g., 433
MHz) to be generated by the associated transmitter 20 1n the
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transponder 120. Each RF interrogation response signal
includes the unique 1dentifier stored by the transponder 120
that generated the RF interrogation response signal (and may
also include the predetermined data frame as described else-
where herein). In order to avoid collisions, the RF interroga-
tion response signals are, 1n one embodiment, transmitted one

at a time 1n a sequential manner, such as according to an order
determined by the unique identifier of each RFID tag 110.
Other collision avoidance mechanisms are also possible.

Based on the receiving sensitivity of each of the interface
devices 140 and the relative position of each of the transpon-
ders 120 within the location 105, each of the generated RF
interrogation response signals will be received by none, to
some to all of the interface devices 140. Each interface device
140 will then, based on the recerved signals (and the included
identifiers), 1i any, be able to update its Boolean variable
values for each of the transponders 120 in the system 100.
Each interface device 140 will then generate a Boolean
update signal that includes the current Boolean variable val-
ues for each of the transponders 120 and transmit that signal
to the central computer system 125 through the wireless
access points 135 and the main network 130. As an alterna-
tive, 1n order to reduce data tratfic, the Boolean update signal
will only include data for Boolean variables that are a 1. In
this embodiment, the central computer system 125 will
assume that any Boolean varnable values that are not recerved
in the Boolean update signals are a O.

Upon receipt of the Boolean update signals, the central
computer system 1235 1s able to determine the current min-
term for each asset 110/transponder 120 in the system 100,
and based thereon update the estimated position of each asset
110/transponder 120 1n its records. In particular, after each
min-term 1s determined, the look-up table will be consulted to
determine the estimated position of each asset 110/transpon-
der 120 within the location 105, and that estimated position
will be added to the position history of the asset 110/tran-
sponder 120. Preferably, the central computer system 125
will maintain a position history including a predetermined
number of previous position estimates for each asset 110/
transponder 120 so that the movement of the asset 110/tran-
sponder 120 can be tracked over time 1n addition to providing,
its current position.

As described elsewhere herein, one of the shortcomings of
the RF transponders 35 and %' 1s that they could be inadvert-
ently awakened by spurious RF noise. This could present a
problem for the embodiment of the system 100 just described
(and 1n the alternative embodiment(s) described below) as the
transponders 120, if implemented as RF transponders 3 or 5',
could be caused to iadvertently send RF interrogation
response signals 1n response to noise. This problem may be
addressed by providing a system 100 in which each of the
transponders 120 1s an RF transponder 50 (or, alternatively, an
RF transponder 50') that will be awakened by the same burst
code, e.g., 52 4 6. Inthis particular embodiment, operation of
the system 100 1s similar to that described above (or below 1n
the case of alternative embodiments). However, 1n this par-
ticular embodiment, the second RF interrogation signal that 1s
generated by each interface device 140 upon receipt of the
asset 1nterrogation signal from a wireless access point 135
will be an RF signal consisting of the appropriate RF bursts
suificient to cause the burst switch 10 of each transponder 120
within range to create the required burst code for the filtering
circuit 535 of the transponder 120. As described elsewhere
herein, that code, when received by the filtering circuit 55,
will cause a wake-up signal to be generated for the associated
processing unit 15, which, 1n response, will wake-up and
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generate the appropriate RF interrogation response signal.
Thus, 1n this embodiment, the adverse affects of noise are
minimized.

As described elsewhere herein, a further shortcoming of
the RF transponders 5 and 5' 1s that there 1s no mechanism for
discriminating among a number of them when deployed, 1.¢.,
there 1s no way to selectively cause only certain ones of them
to respond. As result, an embodiment of the system 100 that
utilizes the RF transponder 5 or 5' will be required to inter-
rogate all of the transponders 120 each time a location 1s
desired, as opposed to only interrogating selected transpon-
ders 120 and thus selected assets 110. As will be appreciated,
while this will still gather the necessary asset location 1nfor-
mation, 1t will cause battery power for certain of the transpon-
ders 120 to be unnecessarily consumed.

Thus, according to a further alternative embodiment, a
system 100 1s provided 1n which selected ones and/or selected
groups of the transponders 120 may be interrogated. In this
particular embodiment, each of the transponders 120 1s an RF
transponder 50 (or, alternatively, an RF transponder 50') that
may be awakened by a burst code that 1s umique to that
transponder 120. For example, each individual transponder
120 may be assigned a unique 4 element burst code as
described elsewhere herein (such as 5 2 4 6) (a 4 element burst
code 1s merely an example, and 1t should be understood that
the burst code may have more or less than 4 elements). As a
result, each of those transponders 120 may be selectively,
individually interrogated by the central computer system 1235
in the manner described elsewhere herein (in both the main
(described above) and alternative embodiments (described
below)) using the appropriate burst code. The interface
devices 140 will then update their Boolean variable values as
appropriate based upon the recerved RF interrogation
response signal or signals as described elsewhere herein. In
addition, one or more of the transponders 120 may also be
adapted to be awakened by a particular burst code that is
common to a selected group of transponders 120. In other
words, certain groups of transponders 120 (and thus certain
groups of assets 110) may also be assigned a second burst
code thatmay be used to awaken each of the transponders 120
in the group. For example, all assets 110 of type one (e.g.,
crash carts, or assets on tloor one of a building) may be
assigned the burstcode 4 2 4 3, all assets 110 of type two (e.g.,
EKG machines, or assets on floor two of a building) may be
assigned the burstcode 3 1 4 2, etc. As a result, the location of
all assets 110 1n a particular group, such as crash carts, can be
readily determined, 1f desired, by the system 100 using a
single burst code.

As will be appreciated, 1n the embodiment of the system
100 just described, each asset interrogation signal that 1s sent
by the central computer system 125 will need to include
information that identifies the particular burst code that 1s to
be used for that interrogation. The iterface devices 140 wall
then use that information to generate the approprate second
RF interrogation signals that are transmitted. When multiple
assets 110 or specified groups thereof are to be interrogated 1n
this manner, the central computer system 125 will preferably
generate and transmit the appropriate asset imnterrogation sig-
nals 1n a sequential fashion 1n order to avoid signal collision
problems (the responses will also be sent 1n a similar, corre-
sponding sequential fashion). Thus, according to an aspect of
the present invention, the central computer system 125 main-
tains a table or similar record that links each asset 110 with the
code or codes that may be used to awaken the transponder 120
associated with the asset 110. That same table or other record
will also preferably separately list specified asset groups (e.g.,
crash cards, EKG machines, assets in a particular wing, etc.)
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and the common code that 1s assigned to each group so that
such common codes may be readily accessed.

In yet a further alternative embodiment of the system 100,
cach of the transponders 120 1s an RF transponder 60 that, as
described elsewhere herein, 1s able to be awakened by a
particular combination or sequence of burst switch frequen-
cies. This embodiment 1s similar to the embodiment of the
system 100 described above that employs the RF transpon-
ders 50 or 50", except that the burst codes are replaced by
specified combinations or sequences of burst switch frequen-
cies. The basic operation of the system 100 otherwise remains
essentially the same.

As will be appreciated, the number of 1s (YESs) 1n the
min-term generated for any transponder 120 will depend on
the sensitivity of the transponder transcerver 160 of each of
the intertace devices 140. A large number of 1s resulting from
a particular receiving sensitivity level could be problematic as
it may make the position estimate too difficult (1.e., not very
accurate). However, as noted elsewhere herein, the receiving
sensitivity of the transponder transceiver 160 of each of the
interface devices 140 may be selectively adjusted (e.g., by
certain predetermined steps from a starting level to an ending
level). Such adjustment (1.e., reducing sensitivity), either
simultaneously or according to various schemes, makes it
possible to reduce the number of 1s (YESs) in the min-terms
for the various transponders 120, thereby allowing a more
accurate estimate of the position of the transponders 120 (and
thus the associated assets 110) based on the determined min-
terms. As also noted elsewhere herein, such a reduction 1n
sensitivity can be effected by the central computing system
125 simultaneously by generating and transmitting a broad-
cast message to all of the interface devices 140 through the
main network 130 and wireless access points 135 (or over
existing power lines for the alternative embodiment(s)
described below), thus making the refinement of position
estimates extremely fast and allowing for suflicient position
estimates ol numerous transponders 120 to be determined 1n
real time so as to be able to actually plot and track the trajec-
tories/paths of the transponders 120 as they move within the
location 105.

As a further alternative, each transponder 120 may be
adapted to continuously transmit a signal that includes 1ts
umque 1dentifier and, optionally, the predetermined data
frame. In such a case, each interface device 140 will then,
based on the recerved signals (and the included 1dentifiers), 1T
any, be able to update 1ts Boolean variable values for each of
the transponders 120 1n the system 100 as needed, such as in
response to a specific request from the central computer sys-
tem 125 or periodically. This embodiment may be particu-
larly usetul in situations where the assets 110 are people such
as first responders.

In a further alternative embodiment, communication
through the wireless access points 135 1s not employed.
Instead, communications are performed over wired connec-
tions, preferably over the existing power lines using the X10
standard. More specifically, the central computer system 125
(or another remote computer system) periodically or on
demand generates an asset interrogation signal that 1s trans-
mitted to each interface device 140 over the wired connection
described above. In response to receipt of the asset interroga-
tion signal, each interface device 140 generates a second RF
interrogation signal having a frequency that will be picked up
by each transponder 120 that 1s within range. Each such
transponder 120 1s adapted to then cause an RF interrogation
response signal to be generated that includes the unique 1den-
tifier stored by the transponder 120 (each RF interrogation
response signal may also include the predetermined data
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frame as described elsewhere herein). Based on the receiving
sensitivity of each of the interface devices 140 and the relative
position of each of the transponders 120 within the location
105, each of the generated RF 1nterrogation response signals
will be received by none, to some to all of the interface 5
devices 140. Each interface device 140 will then, based on the
received signals (and the included identifiers), 11 any, be able
to update 1ts Boolean variable values for each of the transpon-
ders 120 1n the system 100. Alternatively, as noted above,
cach transponder 120 may be adapted to continuously trans- 10
mit a signal that includes its umique 1dentifier and, optionally,
the predetermined data frame. In such a case, the each inter-
face device 140 will then, based on the received signals (and
the included 1dentifiers), if any, be able to update 1ts Boolean
variable values for each of the transponders 120 in the system 15
100 as needed.

After each of the mterface devices 140 wirelessly recerves
a signal from one or more of the transponders 120 and updates
its Boolean variable values for each of the transponders 120,
that information 1s not then transmitted to the central com- 20
puter system 125 through the wireless access points 135 so
that the min-terms for the transponders 120 can be con-
structed by the central computer system 125. Instead, 1n this
embodiment, after each of the interface devices 140 updates

1its Boolean variable values, a sub-min-term 1s determined for 25
cach of the sub-locations 115A, 115B, 115C and 115D by one

of the intertface devices 140-1, 140-2, 140-3 and 140-4 1n that
sub-location 115. More specifically, 1n each sub-location 115,
a leader interface device 140 of the interface devices 140-1,
140-2,140-3 and 140-4 1s chosen by a suitable ad hoc manner. 30
For example, and without limitation, the interface devices
140-1, 140-2, 140-3 and 140-4 wirelessly (or by wired con-
nection, €.g., over existing power lines) communicate with
one another and the leader is selected to be the interface
device 140 that has the lowest 1dentifier number. Once the 35
leader 1s chosen, that interface device 140 wirelessly receives
the updated Boolean variable values for each of the transpon-
ders 120 from the other interface devices 140 in the particular
sub-location 1135. The leader interface device 140 then gen-
crates a sub-min-term for each transponder 120 consisting the 40
Boolean values for the transponder 120 received from each of
the other interface devices 140. In the particular embodiment
shown, each such sub-min-term will consist of 4 values (e.g.,
1011). The sub-min-term for each transponder 120 1s then
transmitted by the leader interface device 140 to the central 45
computer system 125 (or to another remote computer system)
using a wired connection, preferably over the existing power
lines using the X10 standard. Such a transmission mecha-
nism, which does not employ the wireless access points 135,
1s advantageous 1n that 1t may be employed in situations 50
where AC power (and thus wireless communication via the
wireless access points 135) 1s not currently available. For
example, AC power 1n a building 1s often cut off in an emer-
gency situation (e.g., fire, hostage situation), and thus this
embodiment may be used to track the position of first 55
responders. When each sub-min-term (i.e., from each sub-
location 115) for each transponder 120 1s received by the
central computer system 125 (or another remote computer
system), the full min-term for each transponder 120 can then
be constructed and used to determine a position for each asset 60
110/transponder 120 as described elsewhere herein.
Alternatively, rather than determining a sub-min-term for
cach transponder 120 for each sub-location 115 as just
described, a sub-min-term can be determined for transponder
120 for only selected sub-locations 115 (e.g., only sub-loca- 65
tion 115A) and transmitted to the central computer system
1235 (or another remote computer system). The recerved sub-
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min-term or sub-min-terms can then be used to determine a
position for each asset 110/transponder 120 (the sub-min-
term or sub-min-terms are thus the “min-term” used for posi-
tion determination 1n this embodiment). As will be appreci-
ated, that position determination may not be as accurate as a
position based on a full min-term constructed from sub-min-
terms receirved form all of the sub-locations 115. For example,
if the received sub-min-term for a particular transponder 120
1s something like 1011, then a position within the particular
sub-location 115 associated with the sub-min-term may be
determined. However, 11 the receirved sub-min-term for the
particular transponder 120 1s 0000, then all that can be deter-
mined 1s that the particular transponder 120 1s not located 1n
the particular sub-location 115 associated with the sub-min-
term.

FIG. 10 1s a flowchart showing a method according to one
particular embodiment 1n which position estimates for a tran-
sponder 120 (and thus an asset 110) may be refined by adjust-
ing the receiving sensitivity of the interface devices 140.
While the flowchart of FIG. 10 1s described 1n connection
with a single transponder 120, 1t will be appreciated that the
same methodology may be applied to multiple transponders
120 simultaneously 1n order to refine the position estimate for
cach transponder 120. In addition, the method shown 1n FIG.
10 assumes that the receiving sensitivity of each of the inter-
face devices 140 may be selectively adjusted 1n incremental
steps from a starting level, such as, without limitation, a
maximum level, to an ending level, such as, without limita-
tion, a mimmimum level. For example, the receiving sensitivity
of the interface devices 140 may range from 1.0 to 0.0 1n steps
of 0.1.

The method of FIG. 10 begins at step 200, wherein the
receiving sensitivity of all of the mnterface devices 140 1s set to
a predetermined starting level, such as the maximum starting
level. Next, at step 205, the min-term (or one or more sub-
min-terms, 1f appropriate for the embodiment employed) for
a particular transponder 120 1s determined as described else-
where herein. In addition, also at step 203, from the min-term
(or one or more sub-min-terms, 1f appropriate for the embodi-
ment employed), the number of receiving interface devices
(1.e., the number of 1s) 1s determined. Then, at step 210, the
receiving sensitivity of all of the interface devices 140 1s
reduced by a predetermined amount (for example, the rece1v-
ing sensitivity for all of the interface devices 140 may be
reduced by a step of 0.1). At step 215, the min-term (or one or
more sub-min-terms, 1f appropriate for the embodiment
employed) for the transponder 120 is re-determined. Also,
from the re-determined min-term (or one or more sub-min-
terms, iI appropriate for the embodiment employed), the
number of receiving interface devices 140 (1.e., the number of
Is 1n the min-term or sub-min-term)(s) 1s re-determined.
Next, at step 220, a determination 1s made as to whether the
number of recerving devices 140 has changed (1.e., whether
the number of 1s in the min-term or sub-min-term(s) has
changed). It 1s expected that if a change has occurred, the
number will be reduced since the receiving sensitivity of the
interface devices 140 has been reduced. If the answer at step
220 1s yes, then the method returns to step 210 for further
processing. If, however, the answer at step 220 1s no, then, at
step 225, the location estimate of the transponder 120 1s
determined based upon the current min-term (or set of sub-
min-term(s) if appropnate for the embodiment employed) for
the current sequence or on the min-term determined 1mme-
diately prior to the min-term determined just before the then
current min-term (or set of sub-min-term(s) 1if appropriate for
the embodiment employed) as described elsewhere herein
(1.e., from consulting the stored look-up table).
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FIG. 11 1s a flowchart of a method for refining position
estimates for a transponder 120 by adjusting the receiving
sensitivity of the mterface devices 140 according to an alter-
native embodiment. The method of FIG. 11 begins at step
230, wherein the receiving sensitivity of all of the interface
devices 140 1s set to a predetermined starting level, such as a
maximum level. Next, at step 235, the min-term (or one or
more sub-min-terms, 1f appropriate for the embodiment
employed) for a particular transponder 120 1s determined as
described elsewhere herein. In addition, from the determined
min-term (or one or more sub-min-terms, 11 appropriate for
the embodiment employed), the number of recerving inter-
face devices 140 1s determined. Then, at step 240, a determi-
nation 1s made as to whether the number of recerving intertace
devices 140 1s less than or equal to a predetermined number.
The predetermined number 1s established 1n advance and 1s
set to some predetermined low value determined to be suili-
ciently indicative of an accurate position estimate. If the
answer at step 240 1s yes, then, at step 2435, the location of the
transponder 120 1s determined based on the current min-term
(or set of sub-min-term(s) if appropnate for the embodiment
employed) for the current sequence as described elsewhere
herein. If, however, the answer at step 240 1s no, meaning that
the number of recerving interface devices 140 1s not less than
or equal to the predetermined number, then, at step 250, a
determination 1s made as to whether the receiving sensitivity
1s currently at an ending level, such as aminimum level for the
interface devices 140. If the answer at step 250 1s yes, mean-
ing that the ending level has been reached without the number
of receiving interface devices 140 being less than or equal to
the predetermined number, then the method proceeds to step
255, wherein an error 1s reported that indicates that the loca-
tion cannot be determined accurately. If, however, the answer
at step 250 1s no, then, at step 260, the recerving sensitivity of
all of the iterface devices 140 1s reduced a predetermined
amount. Next, at step 265, the min-term (or one or more
sub-min-terms, if appropriate for the embodiment employed)
tor the transponder 120 1n question 1s re-determined. Also at
step 265, the number of receving interface devices 140 1s
re-determined based upon the re-determined min-term (or
one or more sub-min-terms, 1 appropriate for the embodi-
ment employed). The method then returns to step 240 for
turther processing.

In a further alternative embodiment, the RF transmitting,
power of the transponder transcerver 160 1s able to be selec-
tively adjusted by the processing unit 1435 based on either a
manual (preferably local) input 1nto the mterface device 140
or on a signal recerved from the central computer system 1235
through the wireless network transcerver 135. As a result, the
power levels of the RF signals that are generated by each
interface device 140 1n the system 100 can be selectively
adjusted. As will be appreciated, this power level will deter-
mine how close a particular transponder 120 must be to the
interface device 140 in order for it to receive the signals
generated by the interface devices 140, such as the second RF
interrogation signals described elsewhere herein. As a result,
like the selective adjustment of the receiving sensitivity, the
selective adjustment of the transmitting power of the tran-
sponder transceivers 160 may be used to refine the position
estimate of the transponders 120 (i.¢., to reduce the number of
1s 1n the min-terms as described in connection with FIGS. 10
and 11).

While preferred embodiments of the mvention have been
described and 1llustrated above, 1t should be understood that
these are exemplary of the invention and are not to be con-
sidered as limiting. For example, the majority of the descrip-
tion contained herein describes the burst switch 10 as awak-
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ening a processing umt 13. It should be appreciated that the
burst switch 10 may be utilized to awaken any type of elec-
tronic device that 1s capable of entering an inactive, sleep
state. Additions, deletions, substitutions, and other modifica-
tions can be made without departing from the spirit or scope
of the present invention. Accordingly, the invention 1s not to
be considered as limited by the foregoing description but 1s
only limited by the scope of the appended claims.

What 1s claimed 1s:

1. A system for estimating a current position of an asset
within a location, comprising:

a transponder associated with said asset;

a plurality of wireless interface devices provided within

said location; and

a central computer system 1n electronic communication

with said wireless 1nterface devices, said central com-
puter system being adapted to: (1) identify a particular
one or more of said wireless interface devices that have
at least recerved a wireless signal from said transponder,
and (11) determine an estimate of said current position
based on the identified particular one or more of said
wireless 1nterface devices, wherein said location
includes a plurality of sub-locations, wherein each of
said sub locations includes a set of said wireless inter-
face devices, wherein 1n each said sub-location a par-
ticular one of the set of said wireless interface devices
included 1n the sub-location 1s structured to determine a
sub-min-term for said transponder, the sub-min-term for
cach sub-location representing a plurality of Boolean
variable values, each of said Boolean variable values
being associated with a respective one of the wireless
interface devices of the set of said wireless interface
devices included in the sub-location and indicating
whether the one of said wireless interface devices has at
least recerved a wireless signal from said transponder,
wherein said central computer system receives one or
more of the sub-min-terms and determines said estimate
of said current position based on said one or more of the
sub-min-terms.

2. The system according to claim 1, wherein said central
computer system 1s further adapted to cause said wireless
interface devices to generate a plurality of wireless interro-
gation signals, wherein said wireless signal from said tran-
sponder 1s generated 1n response to receipt of at least one of
said wireless interrogation signals.

3. The system according to claim 1, wherein said wireless
signal from said transponder 1s generated continuously.

4. The system according to claim 1, wherein said asset 1s
either an animate object or an inanimate object.

5. The system according to claim 1, wherein each of said
Boolean variable values 1s a 1 1f the one of said wireless
interface devices associated with the Boolean variable values
has received the wireless signal from said transponder and
otherwise 1s a 0.

6. The system according to claim 1, wherein each of said
Boolean variable values 1s a 1 1f the one of said wireless
interface devices associated with the Boolean variable values
has recerved and recognized as valid the wireless signal from
said transponder and otherwise 1s a 0.

7. The system according to claim 1, further comprising a
plurality of wireless access points provided within said loca-
tion, each of said wireless interface devices being 1n elec-
tronic communication with said central computer system
through at least one of said wireless access points.

8. The system according to claim 7, wherein the wireless
access points at least i part implement a wireless network
according to the IEEE 802.11 set of standards.
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9. The system according to claim 8, wherein said wireless
interface devices are adapted to wirelessly communicate with
said transponder at a first frequency and with at least one of
said wireless access points at a second frequency that 1s
different than said first frequency.

10. The system according to claim 1, wherein each of said
wireless 1nterface devices 1s 1n electronic communication
with said central computer system through a wired connec-
tion.

11. The system according to claim 1, wherein each of said
wireless interface devices 1s 1 electronic communication
with said central computer system over existing power lines.

12. The system according to claim 1, wherein said location
1s one or more buildings.

13. The system according to claim 1, wherein said tran-
sponder includes an electronic device having an 1nactive,
sleep state and an active state, wherein said electronic device
consumes power from a power source of said transponder 1n
said active state, and wherein 1n response to receiving the at
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least one of said wireless interrogation signals, the transpon-
der 1s structured to convert said the at least one of said wire-
less 1interrogation signals 1nto at least one DC signal without
consuming power from said power source or another power
source within or connected to said transponder, and provide a
wake-up signal to said electronic device, said wake-up signal
causing said electronic device to move from said inactive,
steep state to said active state, wherein thereafter said wireless
signal 1s generated by said transponder.

14. The system according to claim 1, wherein said central
computer system recerves all of the sub-min-terms and deter-
mines said estimate of said current position based on all of the
sub-min-terms.

15. The system according to claim 1, wherein said central

computer system receives less than all of the sub-min-terms
and determines said estimate of said current position based on
less than all of the sub-min-terms.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Drawings

Figure 11, Sheet 5 of 5, Iine 9, “LESS THEN" should read --LESS THAN--.
In the Specitication

Column 5, Iine 12, “has’ should read --have--.

Column 9, line 12, “conducing’ should read --conducting--.

Column 13, line 22, “medial” should read --medical--.

Column 13, line 36, “described U.S. Pat.” should read --described in U.S. Pat.--.
Column 14, line 30, “interfaces’ should read --interface--.

Column 15, line 11, ““such an” should read --such as the--.

Column 15, line 30, “communication” should read --communications--.
Column 16, line 24, “though™ should read --through--.

Column 16, line 51, “be 2" should read --be 2"--.

Column 18, line 67, “wake-up”™ should read --wake up--.

Column 19, line 2, “adverse affects” should read --adverse effects--.
Column 19, line &, “As result” should read --As a result--.

Column 20, Iine 30, “can be eftfected” should read --can be attected--.
Column 21, line 40, “consisting the™ should read --consisting of the--.
Column 22, line 7, “tform” should read --from--.
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